INTRODUCTION
In tomato (Lycopersicon esculentum), the Ro locus confers resistance specifically to Pseudomonas syringae pv tomato strains that express the avirulence (avr) gene avrRo (Ronald et ai., 1992) . Pfo was originally identified in a wild species of tomato (L. pimpinellifolium) and has subsequently been introgressed into a large number of cultivated tomato varieties. In 1984, during an effort to control an infestation of Liriomyza spp (leaf miner), plant breeders observed that tomato lines containing the Pfo locus were also sensitive to fenthion, an organophosphorous insecticide (Laterrot, 1985; Laterrot and Moretti, 1989) . The locus controlling this phenotype has been termed Fen. Resistance to F! s. tomafo expressing avrPfo and sensitivity to fenthion behave as monogenic, incompletely dominant traits and map to the same locus on chromosome 5 (Carland and Staskawicz, 1993; Martin et al., 1993a) .
Exposure of leaves from PfolFen tomatoes to fenthion results in the rapid (<24 hr) formation of small necrotic lesions (1 to 2 mm) that are reminiscent of a hypersensitive response (HR; Carland and Staskawicz, 1993; Martin et al., 1993a ). An HR is often seen in "incompatible" plant-pathogen interactions where the host plant contains a resistance (R) gene correspondTo whom correspondence should be addressed.
ing to aspecific pathogen avr gene (Keen, 1982 (Keen, , 1990 Sigee, 1993) . The similarity of fenthion-induced lesions to an HR raises the intriguing possibility that the fenthion molecule may be structurally similar to an "elicitor" molecule produced by F! s. tomato expressing avrfto. If that were the case, then fenthion sensitivity and P s. fomafo (avrPfo) resistance might share a similar molecular mechanism. One model of gene-for-gene interactions posits that pathogens produce specific elicitors that are recognized by plant R genes, which then in turn activate appropriate defense responses (Keen, 1982; Gabriel and Rolfe, 1990) . Support for the "elicitor-receptor" model comes from the soybean-P s. pv glycinea interaction in which an avr gene, avrD, is associated with the production of elicitors in F! s.
glycinea (and Escherichia coli) consisting of two acyl glycosides called syringolides (Keen et al., 1990; Midland et al., 1993) .
To date, despite considerable effort, no specific elicitors have been found associated with avrPfo expression in F! s. tomato or E. coli(N. Keen, personal communication). If fenthion does mimic a bacterial elicitor, its structural features might provide useful clues in attempts to isolate an elicitor that is active in the tomato-/? s. tomato (avrRo) interaction. This potential, however, rests on the assumption that F! s. tomato (avrRo) resistance and fenthion sensitivity share a similar molecular mechanism. In fact, the relationship between Pto and Fen has been unclear. (Martin et al., 1993a) . Thus, it has not been possible to distinguish between pleiotropy and close linkage by genetic analysis alone. Recently, the Pto gene has been isolated using a map-based cloning strategy. Pto encodes a putative serinelthreonine protein kinase that presumably plays a role in transmitting the recognition of a bacterial signal to the plant cell (Martin et al., 1993b) . The Pfo gene conferred resistance specifically to F! s, fomato strains expressing avrPfo but did not appear to confer sensitivity to fenthion. Analysis of the Pto locus indicated that the gene is part of a small gene family containing five to eight members. All but perhaps one member of the family are clustered within a 400-kb region in tomato lines resistant to F! s. fomato (avrPto; Martin et al., 1993b) . The clustering of this gene family suggests that gene duplication events followed by sequence divergence may have occurred in this region. This possibility and the similarity of fenthion-induced lesions to an HR suggested to us that a member of the Pto gene family might confer fenthion sensitivity.
Here, we report the cloning and characterization of the Fen gene and show that it is a putative serinelthreonine protein kinase and a member of the Pto gene family. The identification of a gene family that encodes proteins recognizing the presence of both a specific avf gene and a defined molecule should prove useful in understanding the molecular mechanism of signal perception in this gene-for-gene interaction. In addition, because fenthion causes rapid cell necrosis, this system lends itself to studying programmed cell death responses in plants and the involvement of this process in disease resistance.
RESULTS

Map-Based Cloning of Pto Gene Family Members
To investigate the molecular mechanism involved in pathogen recognition by the host plant, we applied a map-based cloning strategy to isolate the Pto bacterial R gene from tomato (Martin et al., 1993b) . This approach resulted in the identification of a 400-kb yeast artificial chromosome (YAC) clone, PTY538-1, that spans the Pto region. Transcribed regions in this 400-kb region were identified by screening a tomato leaf tissue cDNA library with radiolabeled PTY538-1 YAC DNA. From 200 plaques identified in this fashion, 30 plaques were selected for further analysis. Among these, 24 detected highly repeated sequences in the tomato genome or were false positives and were not investigated further. lnserts from the remaining six clones were isolated by polymerase chain reaction (PCR) and used for restriction fragment length polymorphism (RFLP) mapping. Two of the clones mapped to locations other than chromosome 5. Two other clones mapped 0.4 centihnorgans away from the Pto locus and subsequently have been found to represent members of the l-aminocyclopropane-2-carboxylate synthase gene family (J. Lindell and G.B. Martin, unpublished data). Previous linkage analysis had placed ACC4 near the Pto locus .
The remaining two clones cross-hybridized to each other and were found to cosegregate with Pto. The clones were designated CD127 and CD146. lnserts in both clones were originally candidates for the Pto gene. Hybridization of CD127 to DNA blots of tomato genomic DNA suggested that CD127 was a member of a gene family, and this was confirmed by the isolation and analysis of 14 additional cDNA clones with homology to CD127. Among these 14 clones, one, CD186, was found to confer resistance to F! s. fomato (avfffo). Characterization of CD186 has been presented elsewhere (Martin et al., 1993b) , and analysis of the other cDNA clones is in progress. The insert in CD127 was also used in genetic complementation experiments, and it did not confer resistance to F! s. tomato.
Analysis of Possible Fenthion Sensitivity Conferred by CD127 and CD186
The discovery that Pfo is a complex locus and the knowledge that fenthion sensitivity cosegregated with I ? s. fomato (avrPto) resistance raised the possibility that members of the Pto gene family might be involved in the insecticide response. To address this possibility, we developed transgenic tomato plants containing either CDl27 or CD186. Partia1 sequencing of CDl27 and comparison with CD186 permitted us to ascertain the orientation of the 4.1-kb insert of CD127. The CD127 insert was substituted for the B-glucuronidase (gus) reporter gene in vector pB1121 creating plasmid PTC5, as shown in Figure 1 . The construct was transformed into a fenthion-insensitive tomato line, Moneymaker, and five independent transformants containing integrated copies of the PTC5 T-DNA were identified and confirmed by DNA blot analysis (data not shown). Previously, two independent tomato transformants had been constructed that contain integrated copies of CD186 (PTC8; Martin et al., 1993b) .
Original transformed plants (Ro generation) harboring the T-DNA from PTC5 (CD127) and PTC8 (CD186; Martin et al., 1993b) were grown to maturity in the greenhouse, and whole leaves were exposed to 0.15% fenthion by dipping. As shown in 34/PTC5 and 40/PTC5 were especially sensitive to fenthion, and the exposed leaves and petioles exhibited complete necrosis 41 hr after treatment. Two other transformants, 38/PTC5 and 47/PTC5, responded more slowly to fenthion exposure, but the iate of response was greater than the fenthion-sensitive control Rio Grande-PtoR, and the symptoms were ultimately more severe. Representative leaves of two PTC5 transgenic plants and the control cultivar Rio Grande-PtoR after exposure to O.O5O/o fenthion are shown in Figure 2 . Transformant 49/PTC5, although confirmed by DNA blot analysis to contain the PTC5 sequence, remained as insensitive as the control Moneymaker. A possible explanation for this result is that the introduced gene is not expressed dueto a rearrangement or position effects. Originally, we had not observed fenthion sensitivity in PTC8 (Pto) transgenic plants. However, in later tests leaves of both PTC8 transgenic plants did develop a few lesions in response to fenthion. The reaction was mild in comparison to control fenthion-sensitive plants (Table 1 ). The Rio Grande-PtoR control plants displayed small necrotic lesions over -30% of the leaf surface as expected for this exposure leve1 of fenthion.
To confirm that the sensitivity to fenthion in the PTC5 transformants was conferred by the cauliflower mosaic virus (CaMV) 35S::CD127 transgene, we conducted a genetic analysis of RI progeny from the four fenthion-sensitive PTC5 transgenic plants. Table 2 shows that progeny from three transgenic plants segregated for fenthion sensitivity as expected for a singlelocus integration event. In the case of 47/PTC5, the segregation data are consistent with there being two unlinked loci containing integrated PTC5 sequences. DNA blot analysis of the R1 progeny confirmed that in al! cases the transgene cosegregated with fenthion sensitivity (data not shown). Thus, the insert in CD127 confers fenthion sensitivity and not resistance to P s. tomato. The cDNA insert in CD127 is hereafter referred to as the Fen gene. (Laterrot, 1985; Laterrot and Moretti, 1989) . To date, no other insecticides have been reported to cause the lesions, although there is suspicion that the Fen locus may be responsible for tomato leaf necrosis observed in pesticide-treated fields in Argentina (J. Watterson, Peto Seeds, Woodland, CA; personal communication). This observation raised the possibility that a study of other related insecticides might uncover features of the molecule that are required for lesion formation. Such analogs might be useful in understanding the mechanism of fenthion activity. We therefore investigated the response of Fen-transformed tomato leaves to exposure to two related insecticides.
Two analogs of fenthion were obtained and applied to R1 progeny from plants 38/PTC5 and 40/PTC5 that were segregating for the Fen transgene ( Table 2 ). The analogs fensulfothion and fenitrothion were chosen because, like fenthion, they are O, O-dialkyl phosphorothioates, and yet they possess different substitutions around the benzene ring (Worthing, 1979) .
Six RI progeny that contained the Fen transgene and six RI progeny lacking the transgene were identified by DNA blot analysis from progenies of plants 38/PTC5 and 40/PTC5. As presented above, there was perfect correspondence between the presence of the transgene and fenthion sensitivity in these plants. Leaflets of mature plants were immersed in solutions of 0.1% fensulfothion and fenitrothion, and symptoms were monitored for 4 days. Leaflets from representative plants are shown in Figure 3 . Leaflets from 35S::Fen-containing plants responded to all three compounds by developing necrotic lesions. In the case of fenthion and fensulfothion, lesions developed rapidly and were visible within 16 hr after exposure. Fenitrothion exposure caused the development of fewer but larger lesions. R1 progeny lacking the Fen transgene did not develop lesions in response to any of the insecticides. The Fen Gene Confers Sensitivity to Other
Organophosphorous lnsecticides
Development of necrotic lesions on pto/kn tomatoes in response to fenthion was originally discovered serendipitously Figure 5 indicated that the Fen protein shares 80% identity and 87% similarity to the Pto protein. Both Fen and Pto are identical over a 15-amino acid region containing a possible myristylation site that was first noted in Pto (Martin et al., 1993b) . The covalent attachment of a myristyl group to the N-terminal glycine residue of certain proteins is known to be necessary for membrane association (Buss et al., 1986) . Pto and Fen proteins contain identical residues at all 15 invariant amino acids. Notable Leaves of each plant were dipped into a solution of 0.15% fenthion and 0.05% L-77 Silwet dispersed in sterile distilled water. Leaves were scored 3 days after dipping. Segregation ratios were tested against the null hypothesis of there being no deviation from a 3:1 or 15:1 ratio, as indicated. Segregating R, progeny derived from selfed 40/PTC5 were grown in the greenhouse, and the presence or absence of the 35S::fen transgene was determined by DMA gel blot analysis. Mature leaves were immersed in 0.1% fenthion, fensulfothion, or fenitrothion and 0.05% L-77 Silwet dispersed in water. Leaflets of representative plants that contained the Fen transgene (plant 40-2; left) or lacked the transgene (plant 40-6; right) were photographed 2 days after treatment.
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GTGCCAAAAATT ACTGATTTTGGA ATATCTAAGACA ATGCCCGAGCTT GATCAAACCCAT 600 The amino acid sequence is presented in single letter code below the nucleotide sequence starting with the first in-frame methionine and ending at the first stop codon. Amino acids that are highly conserved among protein kinases are boxed, and residues that indicate possible serinehhreonine specificity are underlined. A potential myristylation site at the N terminus is double underlined. The nucleotide sequence has been submitted to GenBank as accession number U13923.
differences occur at amino acids 133,134, and 242 to 260 where the Fen protein differs from Pto by the absence of severa1 amino acids ( Figure 5 ). The Fen protein extends an additional five amino acids at the carboxy terminus in comparison to the Pto protein ( Figure 5 ). Numerous additional amino acid differences throughout the open reading frames distinguish the proteins. As with Pto, the Fen protein consists primarily of a protein kinase catalytic domain with no obvious extracellular or transmembrane domain. Alignment of Fen to the most similar plant protein kinases ( Figure 5) showed that, as with Pto, the protein is most similar to the Brassica self-incompatibility S locus receptor kinase SRKG (62% similarity, 38% identity; Stein et al., 1991; Stein and Nasrallah, 1993) followed by the Arabidopsis TMK1 protein (60% similarity, 38% identity; Chang et al., 1992) and the maize ZmPK1 protein (59% similarity, 38% identity; Walker and Zhang, 1990) . Locations of subdomains and invariant residues are conserved in all of these five protein kinases.
DlSCUSSlON
The basis of the association between f? s. romaro (avrPto) resistance and fenthion sensitivity has been ascribed to either pleiotropy or the tight linkage of two distinct genes. Here, we show that the Fen gene is distinct from the Pto gene, but both are members of the same gene family. The tight linkage of the two phenotypes conferred by Fen and Pto can be explained by the close physical proximity of these two related genes. ReCent physical mapping of the Pto region indicates that pto, Fen, . Alignments were made using the Bestfit program in the University of Wisconsin (Madison) Genetics Computer Group software package. Only the protein kinase domains are shown for TMK1, SRKG, and ZmPK1, and the numbering of amino acids follows the original publications (Chang et al., 1992; Stein et al., 1991; Walker and Zhang, 1990 Rick et al., 1979) , €st-7,4-5 (encoding subunits of dimeric esterases; Tanksley and Rick, 1980) , Rn (encoding patatin-related polypeptides; Gana1 et al., 1991) , rbcs-3 (encoding small subunits of ribulose bisphosphate carboxylase; Pichersky et al., 1986) , cab-7,3 (encoding chlorophyll alb binding proteins; Pichersky et al., 1985) , and PPO (encoding polyphenol oxidases; Newman et al., 1993) . The sequence and physical structure of the PPO gene cluster have been studied in detail and bear many similarities to the Pto gene cluster reported here. The PPO gene cluster consists of approximately seven members (compared with five to eight for the Ro gene cluster), and like Pto, all are intronless and are clustered within a 165-kb region (Newman et al., 1993) .
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Gene clusters arise through spontaneous duplications of an ancestral single copy gene through unequal crossing over or other localized processes (Ohno, 1970; Maeda and Smithies, 1986) . Duplicated copies are thought to be under relaxed selection pressure and thus more likely to diverge through mutation and may eventually assume new functions (Ohno, 1970) . The origin of Fen and Pfo (and other members of the Pfo gene cluster) from a common ancestral gene would explain the sequence similarity between Fen and Pto. That Fen and Ro respond to different stimuli (Roto P s. tomato [avrfto] and Fen to fenthion) suggests that once duplicated, genes of this nature can diverge to take on different specificities. This result may explain the frequent observation in plant species that genes conferring resistance to a variety of microbial pathogens (Hulbert and Bennetzen, 1991; Jones et al., 1993) and even to insects (Patterson and Gallun, 1977 ; H.W. Ohm, submitted manuscript) are closely linked. Based on the finding that Pto is a gene cluster, it might be predicted that clustered gene families will be found at other resistance loci in plants. Thus, sequence divergence among members of a gene cluster may provide the basis for development of new R genes in response to ever changing pressures from microbial and insect pathogens.
Additional genetic evidence that Pto and Fen are separate genes comes from the identification of tomato mutants that are susceptible to I ? s. tomato (avrfto) but retain fenthion sensitivity (Salmeron et al., 1994) . These mutants were isolated by screening for Pst (avrPto) susceptibility in a mutagenized population of Ptocontaining tomato lines. Based upon the work presented here, it might be predicted that a screen for Fen insensitivity would identify tomato lines that are fenthion insensitive but Pst resistant. However, the mild fenthion sensitivity conferred by Ro in Moneymaker transgenic plants suggests that other members of the Ro family may also contribute to fenthion-induced necrosis. In our original characterization of the Pto transgenic plants, we did not notice the mild sensitivity of the Pto transgenic plants to fenthion. It is possible that this sensitivity is an artifact resulting from unnaturally high expression levels caused by transcription from the CaMV 35s promoter. Nevertheless, the sensitivity of Pto transgenics to fenthion reinforces the potential similarity of the molecular mechanisms of Pto and fen. Despite repeated inoculations, we have not observed resistance to F! s. tomato (avrPto) in the Fen transgenic plants.
The mechanism whereby fenthion causes discrete necrotic lesions on Fen-tomato leaves is unknown. In insects, fenthion and related organophosphate insecticides are inhibitors of acetylcholinesterase (OBrien, 1967) . The inhibition of the enzyme results from the phosphorylation of a serine residue at its active site. Whether acetylcholinesterase is involved in fenthion-induced necrosis is unknown, although plants are known to have this enzyme activity (Hartmann and Gupta, 1989) . The discovery that Fen is a putative serinelthreonine protein kinase raises the interesting possibility that fenthion is in some way involved in the direct phosphorylation of the Fen kinase or, alternatively, in the enhancement of a phosphorylation event catalyzed by Fen. This enhancement could be by the inhibition of a phosphatase o1 by increasing or stabilizing the leve1 of a phosphorylated substrate of Fen. The enhancement might then increase the expression of proteins acting later in the pathway that are involved in the defense response leading to localized cell death. We are developing cell suspension cultures derived from 35S::Fen transgenic plants, and these should enable a more controlled investigation of fenthion elicitor activity and the potential effects of phosphatase and kinase inhibitors on this activity.
The discovery that Fen shares sequence similarity with an R gene strengthens the possibility that fenthion-induced necrosis mimics a typical HR. A variety of plant responses are associated with the HR in incompatible gene-for-gene interactions. These include a rapid burst of active oxygen species, production of salicylic acid, increased expression of certain defense-related genes, membrane leakage, and the accumulation of secondary metabolites with antimicrobial activity (Keppler et al., 1989; Lamb et al., 1989; Sutherland, 1991; Ward et al., 1991; Malamy and Klessig, 1992; Baker et al., 1993) . In some HRs, increased expression of defense genes is also observed throughout the plant in a phenomenon known as systemic acquired resistance (Kuc, 1982; Uknes et al., 1992) . The availability of transgenic plants described in this work differing only by the presence or absence of the Fen gene will be valuable in critically examining the induction of these hallmark features of the HR as result of Fen gene expression. In addition, by using mRNA differential display techniques, it should be possible to obtain a comprehensive view of induced gene expression in response to fenthion exposure (Liang and Pardee, 1992) .
The bacterial signal produced by F! s, tomato (avrfto) is not known. Its eventual identification and an analysis of how it induces resistance will be essential to fully understand the recognitional specificity displayed by Pto and Fen. It is possible that clues to its identity may be found by determining those structural features of fenthion that are necessary for the development of the rapid necrosis. Our preliminary examination of just two analogs of fenthion indicates that there is some promiscuity in the recognition process; both analogs caused the development of necrotic lesions specifically on plants containing the Fen transgene. In Agrobacterium, a survey of diverse analogs of acetosyringone has been very successful in identifying features of that molecule that are required for activation of vir gene expression (Stachel et al., 1985) . Knowledge of the structural requirements for fenthion activity would be useful in experiments directed at isolating candidate molecules from F! s. tomato (avrpto) that exhibit elicitor activity.
Further elucidation of the signal transduction pathway in which pto and Fen play a part will require identification of proteins that act both upstream and downstream of these kinases. Interestingly, mutational analysis appears to have already uncovered another locus, Prf, that is involved in both pto and Fen activity (Salmeron et al., 1994) . Prf appears to be tightly linked to Pfo/Fen, and this arrangement is particularly interesting because of the apparent analogy to the S locus in the Brassica species. The S locus consists of at least two closely linked genes that are involved in self-incompatibility, and one of them (SRKG) encodes a receptor kinase that shares sequence similarity with PtoFen (Boyes and Nasrallah, 1993; (Chien et al., 1991) . This system has recently been successful in demonstrating the physical interaction of pairs of proteins including the Raf kinase and Ras GTPase (Van Aelst et al., 1993; Vojtek et al., 1993) . The isolation of both Pto and Fen described here should now permit the application of this strategy to the isolation of other genes required for signaling in the interaction between tomato and F! s. tomato (avrPfo).
METHODS
Standard methods were used for DNA isolation, restriction digests, DNA blotting, and DNA blot hybridization (Ausubel et al., 1987) . Hybridization was performed using random hexamer-labeled polymerase chain reaction (PCR) products (Feinberg and Vogelstein, 1983 ; 1 to 2 x 106 cpmlmL buffer) amplified from plasmid clones.
lsolation of a Yeast Artificial Chromosome Clone Spanning the Pto Region
High-resolution linkage mapping with an F2 population segregating for Pto was used to locate the restriction fragment length polymorphism (RFLP) marker TG538 (Martin et al., 1993a) . Approximately 36,000 clones from a tomato yeast artificial chromosome (VAC) library were screened by colony hybridization with radiolabeled TG538 (Martin et al., 1993b) .
Construction and Screening of a Tomato Leaf Tissue cDNA Library
Six-week-old plants of cultivar Rio Grande-PtoR (PtolPto) and TA208 (PtolPto) were inoculated by dipping into a solution of avirulent Pseudomonas syringae pv tomato strain PT11 (avrPto; 4 x 107 colonyforming-unitslmL), 10 mM MgCI2, and 0.05% L-77 Silwet (Union Carbide, Southbury, CT) dispersed in distilled water. Leaf tissue was harvested at 2, 6, 22, 48, and 72 hr after inoculation, poly(A)+ RNA was prepared from each sample, and equal amounts were pooled before library construction. The cDNA library was constrvcted in vector XgtlO using a mixture of random and oligo(dT) primers (Stratagene). DNA from PTY538-1 was isolated from agarose after separation on a clamped homogeneous electric field gel, radiolabeled, and used to probe ~920,000 plaque-forming units of the leaf cDNA library.
Transformation of Plants with CD127
Characterization of cDNA inserts identified by hybridization to PTY538-1 and the identification of clone CD127 have been described previously by Martin et al. (1993b) . The insert of CD127 was placed in the sense orientation into the binary Ti vector pB1121 (Clonetech Laboratories, Palo Alto, CA) under transcriptional control of the constitutive cauliflower mosaic virus (CaMV) 35s promoter. The resulting construct was called PTC5. The PTC5 plasmid was electroporated into Agmbacterium tumefaciens LBA4404, and the bacteria were used to transform seedling explants of the fenthion-insensitive tomato cultivar Moneymaker. Cotyledon and hypocotyl explants from 7-day-old aseptically grown Moneymaker seedlings were transformed according to the method described by McCormick et al. (1986) with a few modifications. Explants were precultured for 2 days on a tobacco feeder layer on tomato regeneration medium containing Murashige and Skoog (MS; Sigma) salts, 65 vitamins, 3% sucrose, 0.8% agar, 1 mglL zeatin, and 0.1 mglL indoleacetic acid, pH 5.8. After inoculation with Agrobacterium containing the modified pB1121 vector, the explants were returned to the preculture plates for a 3-to 4-day cocultivation period and then transferred to selection plates that contained the regeneration medium supplemented with 50 mglL kanamycin and 500 mglL carbenicillin. Shoots were rooted on medium consisting of MS salts with 380 mglL KN03, 330 mglL NH4N03, 74 mglL MgS0.,.7H20, 100 mg/L myoinositol, 1 mglL thiamine-HCI, 0.5 mglL pyridoxine-HCI, 0.5 mglL nicotinic acid, 2 mglL glycine, 3% sucrose, 0.8% agar, 0.18 mglL indoleacetic acid, 50 mg/L kanamycin, and 500 mglL carbenicillin. Transformants that contained integrated copies of the T-DNA region of PTC5 were identified by kanamycin selection (500 mglL) on MS media and confirmed by DNA blot analysis.
Scoring Plant Reactions to Fenthion Exposure
Plant leaves were exposed to the insecticide by dipping into 0.05% or 0.15% fenthion (Mobay Corp., Kansas City, MO) and 0.05% L-77 Silwet (Union Carbide) dispersed in sterile water. The development of necrotic lesions or entire leaf necrosis was monitored for a period of 5 days after treatment. Control plants of Rio Grande-PtoR (PtolPto, FenlFen), Spectrum 151 (Peto Seed Co., Woodland, CA; Ptolpto, Fenlfen), and Moneymaker @tolpto, fenlfen) were tested by dipping plants of similar size grown under identical growth conditions as the transgenic plants. Fensulfothion and fenitrothion (ChemService, West Chester, PA) were prepared as 0.10% solutions in 0.05% L-77 silwet. The methods of exposure and scoring were identical to fenthion treatments.
DNA Sequencing and Analysis
The insert in CD127 was transferred from hgtlO into vector pCDNAII, and the DNA sequence was determined on both strands by the Laboratory for Macromolecular Structure at Purdue University using a Du Pont Genesis 2000 instrument. The sequence was analyzed using the University of Wisconsin (Madison) Genetics Computer Group sequence analysis software package and MacVector (International Biotechnologies, New Haven, CT). Alignments with other DNA sequences were performed using the Bestfit program in the University of Wisconsin Genetics Computer Group package.
Progeny Analysis and x2 Tests
Ro transgenic plants were allowed to self-fertilize, and RI progeny were analyzed for reaction to fenthion and, by DNA blot analysis, for the presence of the CDl27 insert. Segregation ratios were tested against the null hypothesis of there being no deviation from a 3:l or 151 ratio as appropriate.
